points that could be used to make a reliable liquid argon filled detector. The avalanche pulses in liquid xenon have a rise time more than three orders of magnitude faster than that in liquid argon, suggesting that the positive charge carriers are holes, and making possible a detector with a time resolution of better than 100 nanoseconds. A direct observation of hole conduction is described.
-1-We have been studying the avalanche of ionization electrons in high electric fields in the noble liquids, argon and xenon. We have observed the avalanche in both of these liquids 1, 2 at fields of about 10 6 volts/ cm. We believe the existence of this avalanche makes possible a particle detector with a thickness of 100 microns or less, with a spatial resolution of ± 10 microns. Such a detector would introduce <0.005 radiation lengths. Four our studies, we have constructed detectors using single wires 2.5 to 20 microns in diameter, filled with purified 1, 2 liquid argon and xenon in a geiger counter geometry.
We have been unable to make a reliable detector using liquid argon. The efficiency for particle detection has never been better than about 20%. The low efficiency is due to the existence of "hot spots ll on the wire, smaller than 4 mm in length. The wire has approximately 100% efficiency for avalanche in the region of these hot spots, and almo st zero efficiency elsewhere. The hot spots may be due to sub-microscopic irregularities that locally increase the field strength. We have been unable to control the number of hot spots that occur on a wire submerged in liquid argon. If we attempt to improve the efficiency by increasing the voltage, we observe spontaneous sparkling independent of the presence of ionizing radiation.
However we have observed that a hot spot always occurs on the tip of an etched tungsten point, if the tip radius is one micron or less. It should therefore be possible to construct a useful liquid argon particle ,.j. with liquid xenon we find that the drift tiille for both po siti ve and negative charges is less than 0.5 microseconds, indicating both electron and hole conduction.
The pulse height when the positive charge illotion was observed was only 30% -50% that for the electron illotion, perhaps indicating that holes are illore easily trapped on the iillpurities in our xenon than are electrons.
The fast rise tiille of the pulses in liquid xenon has iillportant consequences for high energy physics experiillents. It should allow the design of a detector with good tiille resolution (20-40 nanoseconds)
as well as good spatial resolution, using the convenient scanned readout described in reference s 7 and 8.
For the details of SOille of the experiillents described in this paper we refer the reader to reference 2.
We would like to thank Dennis B. Sillith and Carl Pennypacker for help in all aspects of this work, and we are grateful to Charles
Kittel for a very inforillative conversation. We are indebted to Buck Buckinghaill, Ernie Currier, Joe Savignano, and Tony Vuletich for help in the construction and maintenance of our apparatus.
